Infection of Human Cell Cultures with Bovine Visna Virus
SUMMARY Fibroblastoid cell cultures derived from leukaemic bone marrow were successfully infected with BVV. After 2 months of subcultivation the cultures showed the appearance of loci of altered cells, suggestive of malignant transformation. Such foci were absent in non-inoculated cultures. Both control and inoculated cultures had a limited fife span, i.e. neither of them could be developed into continuous transformed cell lines. The presence of at least some BVV genome functions in the inoculated cells was demonstrated (i) by immunofluorescence using a reference BVV serum, (ii) by detection in the supernatant culture fluid of sedimentable particles bearing RNA-dependent DNA polymerase activity with preference for Mg 2+ ions, and (iii) by electron microscopic detection of scarce cell-associated virus particles in one of the infected cultures. Infectious BVV could not be rescued. In contrast to leukaemic bone marrow cultures, diploid human embryonic fibroblasts of various origin could not be infected with BVV.
Bovine visna-like virus (BVV) is the name given by Van der Maaten, Boothe & Seger (I972) and Boothe & Van der Maaten (1974) to a virus isolated from a cow with persistent lymphocytosis. It replicates in cultures of bovine embryonic spleen (BES) cells. The cytopathic effect is characterized by slowly developing multinuclear giant (MNG) cells, similar to those developing in BES cells infected with bovine syncytium virus (BSV). BVV and BSV differ morphologically; BVV particles resemble those of visna and progressive pneumonia viruses of sheep, while BSV morphologically resembles simian foamy viruses (Clarke & McFerran, I97O; Coward, Haster & Morgan, I97O; Dermott, Clarke & Samuels, I97I; Chippaux-Hyppolite et al. I972; Van der Maaten et al. 1972; Van der Maaten, Miller & Boothe, I974) . Furthermore, no antigenic relationship can be found between BSV and BVV using gel diffusion, complement fixation and immunofluorescence (Malmquist, Van der Maaten & Boothe, I969; Boothe, Van der Maaten & Malmquist, I97o) . Experimental infection of cows with BVV results in enlargement of peripheral lymph nodes and hyperlymphocytosis, the experimental disease can last for over a year and BVV can be re-isolated at different times during this period.
Several investigators have reported spontaneous production or induction of retroviruslike particles in established human cell lines (Kotler et al. I973; Parks et al. I973; Gelderblom et aL 1974) . Some of these agents grow in diploid human cells and cause morphological alterations similar to those induced by murine or feline sarcoma virus (Bolabanova, Kotler & Becker, I975; Demidova et al. I975) . Since their morphology resembles that described for BVV, it is possible that they have originated in bovine serum used for cell culture. Also, human beings are continuously exposed to bovine viruses through dairy products. In this context the present study was initiated to evaluate the possibility that BVV might be able to infect and transform human cells. hypaque-Ficoll technique described by B6yum (i968) . Human embryonic kidney and spleen were derived from embryos obtained from normal women by sectio parva at respectively 2o and 16 weeks of gestation. Bovine embryonic spleen (BES) cultures were obtained from a foetus at 4 months gestation. All cells were grown in polystyrene culture bottles (25 or 75 cm2) with Eagle's minimum essential medium, supplemented with non-essential amino acids, tricine buffer and lO% heat-inactivated (9o min at 56 °C) foetal calf serum (Flow Laboratories, Irvine, Scotland). Cells were passaged by trypsinization at a I:2 split ratio; the number of possible passages was limited in all cases. BVV was obtained from Dr Van der Maaten as a BES culture carrying the agent. When MNG cells covered about 6o ~o of the culture, the medium was harvested and used for experiments. The remaining cells were removed from the flasks, mixed with fresh BES cells and seeded for further passage of the virus. BVV used to inoculated human cells was rendered free of living cellular material by centrifugation for 3o min at 7ooo g and by freezing and thawing the supernatant fluid once.
Infection o[ human cells with bovine visna-like virus
All cell cultures listed in Table I were inoculated with BVV by mixing freshly trypsinized cells with an undiluted cell-free BVV preparation. The cells were seeded and allowed to attach and grow. The medium was changed after 48 h and further at weekly intervals. About 4o to 46 days after seeding, enlarged cells started to appear in some of the inoculated cultures (Fig. I c) . The cells showed vacuolization of the cytoplasm and enlargement of the nuclei which contained multiple nucleoli. Shortly afterwards the cells changed their growth orientation and foci of multilayered cells appeared (Fig. I a) . These loci increased in size during about 3 weeks and developed into colonies visible with the naked eye (Fig. I e) None of these changes could be seen in cultures derived from normal embryonic tissues.
The continued presence of BVV in the infected cultures was demonstrated by immunofluorescence (Fig. If) , by determination of RNA-dependent DNA polymerase (RdDp)-containing particles in the supernatant fluid (Table i) and by electron microscopic examination of cell sections (Fig. I g to k) .
For immunofluorescence studies cells were grown in 8-chamber slides (Lab-Tek no. 48o8, Lab-Tek Products, Division Miles Laboratories Inc., Naperville, Illinois); 24 to 48-h-old cultures were washed with Dulbecco's phosphate buffered saline (PBS, IO min), fixed in cold acetone (I to 2 rain) and air-dried. Reference sera against BVV (no. 6618 and no. 6619) and against BSV (no. 3892) were provided by Dr Van der Maaten. Immune globulins were isolated and conjugated to fluoresceine-isothiocyanate using standard procedures. Nonspecific antibody and staining were removed using techniques previously described (Dmochowski et al. I975). Cells fixed with acetone were covered with drops of conjugated serum and incubated for 3o min at 37 °C in a humidified chamber. The slides were washed for I5 min in five changes of PBS and counterstained for 5 min with Evans blue (o'oo4%; Dmochowski et al. I975) . The slides were examined using a Ploem narrow band fluorescence microscope.
Infected leukaemic bone marrow showed positive immunofluorescence with a specific anti-BVV antiserum. The fluorescence was localized in the perinuclear area (Fig. If) . Noninfected leukaemic bone marrow cultures as well as normal embryonic cell cultures, inoculated with BVV, remained negative. The reaction with anti-BSV serum was negative.
Culture fluid (usually in 2o ml quantities) for RdDp assay was clarified at 8ooo g for 2o rnin. Virus was pelleted at iooooog (maximal force) for 6o rain. The pellet was resuspended in 20 ml of NT-buffer (too mta-NaCl, io mM-tris-HCl, pH 7"4) and re-pelleted as above. The virus was resuspended in Ioo #1 of NT-buffer. To determine reverse transcriptase activity, 75 #1 portions of re-suspended virus were mixed with 75 #1 of a solution containing Ioo raM- tris-HCl, pH 8"3, and 0"4 % Triton X-Ioo; 25 #1 portions of this disrupted virus were assayed in Ioo#1 reaction mixtures containing o.i% Triton X-Ioo, 5omM-tris-HC1, pH8"3, ioo mM-NaC1, o'o5 mM-manganous acetate or o-~ mM-magnesium acetate, 5 mM-dithiothreitol, ~H-thymidine triphosphate (approx. 3oooo ct]min/pmol, 5o#Ci/ml), I'9#M-oligo (dT)12_18 and 7"5/zM-poly(rA) or 7"5 #M-poly(dA). Reaction mixtures were incubated for 6o min at 35 °C and terminated by the addition of ioo #g of yeast RNA and go vol. of TP solution (5 %, w/w, trichloracetic acid, and o.oz M-sodium pyrophosphate). Acidinsoluble material was collected on membrane filters, washed exhaustively with TP solution, washed twice with ethanol, heat-dried, and counted in a toluene-based scintillant. All values were the average of duplicate reactions. The results are included in Table I . Pellets prepared from uninfected cultures always showed negligible or aspecific polymerase activity. BVV prepared from infected BES cultures showed strong polymerase activity which preferred the poly(rA) template (ratio of amount of ZH-dTMP-incorporation, I : I23.5). It also showed a strong preference for Mg 2+ ions to Mn ~+ ions (ratio I : 3"7), a characteristic which has been described for Mason-Pfizer virus and mouse mammary turnout viruses (Parks et al. I973; Gilden et al. I975) . The RdDp activity in BES cultures appeared about 3 weeks after inoculation of BVV and remained elevated until destruction of the BES monolayer. Virus pellets made from human leukaemic bone marrow cultures inoculated with BVV showed distinct polymerase activity. Uninfected cultures could only be kept for a limited time and sufficient material for testing was not always available. In those uninfected bone marrow cultures which were tested, no evidence for the presence of reverse transcriptase was found. Cultures from human embryonic cells (skin, muscle, kidney and spleen) inoculated with BVV never showed evidence of reverse transcriptase containing particles.
Electron microscopic examination revealed small numbers of virus particles (Fig. ~ g to k) in one BVV-infected leukaemic bone marrow culture. All other human cultures were negative, even those strongly positive for reverse transcriptase. Morphologically the virus particles resembled original BVV virus (Boothe & Van der Maaten, r974) .
Re-isolation of infectious BVV was attempted at the time when the first morphological alteration occurred in infected leukaemic bone marrow cells (about 2 months), and also at about 6 months post inoculation. At these times the cultures were virus-positive by reverse transcriptase assay and by immunofluorescence. Freshly trypsinized BES ceils were seeded and inoculated with cell-free supernatant or were co-cultivated with BVV-positive bone marrow cells. After 4 days the medium was changed. Cultures were kept for several weeks and split by trypsinization when confluent. No MNG cells appeared. Furthermore cell cultures remained negative when examined in immunofluorescence reaction with anti-BVV serum as well as in reverse transcriptase reactions. An interesting possibility is that the virus produced by human leukaemic cells might differ from BVV in antigenic or gene sequence composition. Antigenic analysis as well as hybridization studies would require much higher virus yields than those presently obtained.
Experimental infection of fibroblasts with laboratory strains of certain retroviruses is known to cause the rapid appearance of loci of cells of altered morphology. This is generally assumed to represent malignant transformation because such foci can, in typical cases, be developed into established cell lines characterized by several criteria of malignancy, such as high saturation density, lowered requirement for serum, growth in semi-solid medium, induction of turnouts in syngeneic animals, etc. Several authors have reported the spontaneous appearance of foci of similar morphology after prolonged cultivation of cells of leukaemi¢ Dr sarcomatous origin (Giraldo et aL I97I; Karpas & Tuckerman, I974; Dmochowski et aL I975)-Sometimes the development of such foci was accompanied by the appearance of RdDp activity in the supernatant, of new antigens on the cells and also of a cell-free agent in the supernatant capable of inducing similar foci in normal human cells. True transformed cell lines producing a well characterized virus were not obtained. The foci observed in the present study resemble the latter ones in that they occurred late and that no true malignant cell line could be obtained. It seems possible therefore that some of the spontaneous foci reported in literature were due to inadvertent infection of human cultures with viruses identical to or resembling BVV. The virus has been shown to persist in healthy carrier cows, and its presence has been demonstrated in a high proportion of batches of commercial foetal bovine serum for cell culture purposes (Kniazeff et al. I975) .
Heat-treatment of calf serum at 56 °C for 3o rain, as practised by many cell culture laboratories, was found to inactivate all detectable BVV in our stocks. However, the titre of the initial material was only IO 2° CCIDs0/ml so that a kinetic inactivation study was technically impossible.
Another implication of our finding is that BVV may play a role in either malignant or slow virus diseases in man. The bovine species is among those in closest contact to man: exposure of genetically predisposed individuals may result in inapparent or latent infections.
Finally, our finding that the RdDp of BVV prefers Mg ~+ to Mn -°+ ions corroborates existing evidence that BVV differs from BSV but is more closely related to Mason-Pfizer monkey virus, or to sheep visna virus.
